The modernization of agriculture has caused and continues to cause an increasing disconnection between farming, nature, and society, which has also created a series of social, economic, and ecological crises in the food chain. Case study research of farmers responding to this situation can show us what changes are required to encourage a reconnection between farming, nature, and society. This paper provides ethnographic case study research of two farms: one situated in a productive polder in the Netherlands, and the other in a disadvantaged mountainous area in Galicia, Spain. They both employ "novelty production," farmerdriven adaptations to the farm, seen as a socioecological system. These novelties change the input-output relations on farms and result in adaptations in different farming domains (technical, economic, and socio-organizational), which we see as "unfolding" farming practices. This paper examines how these farmers have sustained and improved the socio-ecological performance of their farms and how these changes have led to a shift in the farm as a socio-ecological system and changed the configuration and boundaries of the farms. In conclusion we look at prospects for this approach being supported at a wider level.
Introduction
The modernization of agricultural food production is leading the contemporary globalized food system towards a social, economic and ecological crisis. The suggested responses to this crisis follow two opposing pathways or paradigms: the agroindustrial and the territorial agri-food paradigm (Lang & Heasman, 2004; Marsden, 2003; Sonnino & Marsden, 2006; van der Ploeg, 2003 van der Ploeg, , 2006 Wiskerke, 2009 ). These paradigms adopt very different perspectives over a number of key issues. The former sees processes of change as driven by externally designed and radical system innovations, whereas the later sees change as driven by incremental, gradually unfolding, promising practices that are adapted to and optimize regional potentials. The agro-industrial approach favors the application of innovative industrial technologies provided by the expert system, whereas the territorial agri-food paradigm stresses the importance of skill-oriented technologies based on local knowledge. Finally, they have different views on interactions with the environment, with the former in favor of altering the environment to accommodate a large-scale production system, and the later seeking to create a balance between the environment and the current production system and its further evolution on the basis of terroir (see Barham, 2003) .
We argue in this paper that sustainable food production needs to be rooted firmly in the regional context. The territorial agri-food paradigm aims to reembed food production within, and upon, the qualities and distinctive features of a region (Wiskerke, van Huylenbroeck, & Kirwan, in press ). Yet this approach does not receive much attention in the international debate on the future of agriculture and the sustainability of food supplies. Despite increasing interest in recent years (see for example the report of the United Nation's Special Rapporteur Olivier De Schutter on the potential of agro-ecology (United Nations, 2010)), the mechanisms for fostering these reconnections between farming, nature, and society have not been adequately explored or documented.
In response to this shortcoming, this article provides a comparative ethnographic approach on how the socio-ecological performance of farms can be improved through a process of adaptation, which we refer to as "unfolding" and explain as a series of "novelties": small adjustments done on the farm that result in a shift of farm boundaries (Swagemakers, 2002; Ventura & Milone, 2004) . 1 We begin by drawing a conceptual framework that describes this process of unfolding farming, in which we distinguish system innovation generated by farmers from the one provided by the expert system. Farmer-driven novelty production differs in nature from innovations provided by the expert system, and is better placed to drive the move toward a more sustainable agri-food system as it involves regionally oriented system innovation, and hence generates development that balances social and environmental factors. We then describe the methods, rationale, and selected locations used in our case study research. Next we explain how two farmers have converted their conventional dairy farms into organic farms by developing short supply chains.
In the final section we analyze the adaptation processes and the shift in farm boundaries that have occurred on both farms in terms of novelty production, and we make some remarks on the more general constraints facing the further enhancement of sustainable food production.
Unfolding farm practices
Farmers can be seen as brokers between nature and society (Toledo, 1990) . They work at the interface where society and the natural ecosystem meet in an artificial ecosystem, an agro-ecosystem (Altieri, 1987 (Altieri, , 1995 (Altieri, , 1999 Sevilla Guzmán & Martínez Alier, 2006) . Through the specific interactions and mutual transformation of humans and living nature (Toledo, 1990) , farmers continuously (re)produce and reshape, diminish or improve the natural resource base (Gerritsen, 2002; Swagemakers, 2008; van der Ploeg, 1997 van der Ploeg, , 2008 . Agro-ecosystems have been described as dynamic socio-ecological systems (Rammel, Stagl, & Wilfing, 2007) that are 1 "A novelty might emerge and function as a new insight into an existing practice or might consist of a new practice. Mostly a novelty is a new way of doing and thinking -a new mode that carries the potential to do better, to be superior to existing routines" (van der Ploeg et al., 2004, p. 1) . Novelties are meant to reach a new, desired farming situation and are part of the process of system innovation employed by farmers Milone, 2009). subject to a process of continuous adaptation (Holling, 2001; Stagl, 2007; van der Ploeg, 2008) . They can be improved by the "agency of actors" (Giddens, 1984) or when "practitioners" pay more attention to optimizing their performance (Warde, 2005) . In this sense, these systems represent objectified and accumulated labor (Bourdieu, 1986 ) and context-related knowledge about the interrelations between the natural and socio-economic resource bases (van Kessel, 1990) . Agro-ecosystems are often further strengthened by incorporating new producer-consumer relationships (Sevilla Guzmán & Martínez Alier, 2006; Holloway, Kneafsey, Venn, Cox, Dowler, & Tuomainen, 2007) , a process that Marsden and Smith (2004) defined as "ecological entrepreneurship."
In farming, the mobilization and conversion of resources and the marketing or re-use of end products are interrelated and mutually adapted processes (van der Ploeg, 2008) . This means that "resources can be mobilized from the respective markets (and, thus, enter the process of production as commodities) or they might be produced or reproduced within the farm itself (or within the wider rural community). This implies that 'outputs' can also be oriented in two ways: towards output markets or towards reuse (perhaps after socially regulated exchange) within the farm" (van der Ploeg, 2008, p. 153) . The farm can be understood as a series of nested systems, each the focus and locus of co-evolving systems (Farell, 2007) . In developing their farm, farmers need to look at and balance the technical, economic domain and socialorganizational domains (Leeuwis, 2004) . These domains, or subsystems, are constantly undergoing a process of adaptation, both internally and in their interactions, which result in novelties -small adjustments in one of the many tasks and activities on the farm (Swagemakers, 2002; van der Ploeg, Verschuren, Verhoeven, & Pepels, 2006) .
The production and testing of novelties emerges from the tacit knowledge of experienced practitioners. In working toward sustainable food production, farmers' intuitive insights drive them to pursue often complex patterns of action. These insights are based on their experiences of farm development and of the wide range of factors that affect the outcome of context-specific and complicated processes of adaptation. These insights are reflected in and tested, verified and communicated through novelty production (Baars, 2010) . Farmers as practitioners employ a "prospective structure" that "has the power of forceful fiction, and opens up space for action" (van Lente, 1993, p. 236) . The novelties they create are based on their expectations and generate a wider program of interrelated and mutually reinforcing novelties that might succeed or fail . A set of novelties can be interpreted as a development path (Geels & Schot, 2007) and the resultant agro-ecosystem reflects the "materialized connections" between nature and society (Gerritsen, 2002; Roep, 2000) . Through a process of continuous adaptation, the connection between farming, nature and society is reconstructed in a step-by step fashion.
System configurations that stem from, and are based on, farmers' intuitive insights often remain undervalued and receive little attention (van der Ploeg, 2003 (van der Ploeg, , 2008 . The ordering "rules" that result from these practices (Giddens, 1984) , especially the normative and cognitive rules, differ from the rules of externally designed system innovation (Rip & Kemp, 1998; van den Ende, 1999) . Since the latter stabilize the existing, recognized, and accepted trajectories (Geels & Schot, 2007) , these farmerdeveloped practices often remain "invisible" or at least unnoticed. They can be considered as "niches" or "incubation rooms" where ideas and new patterns or configurations ripen, allowing the potential emergence of radical system innovations (Geels & Schot, 2007; Hoogma, 2000; Kemp, Schot & Hoogma, 1998; . As niches, these practices allow niche actors as well as "outsiders" (researchers, politicians, farmers, people involved in food industries) to learn about the constraints and the requirements of the system innovations being developed (Hoogma, Kemp, Schot, & Truffer, 2002) .
Novelties are new and promising artifacts, concepts, approaches, organizations, and arrangements that are at a stage of infancy. They are immature and vulnerable and still have to prove their validity and value, especially outside the contexts in which they have been developed. On the basis of our case study research, we argue the need for a different organization of social, ecological, and economic relations at higher levels of aggregation (Altieri, 1989) , that is, at the territorial level. Our analysis of the practices of farmers who work toward increasing their sovereignty of production leads us to call upon scientists, politicians, farmers, and those involved in food industries to recognize and include the potentials of agroecology and the "rules" implicit in reconnecting farming, nature, and society.
Applied research methods
We document two cases of farmers who are reconnecting nature and society by unfolding their farming practices in ways that improve the socioecological performance of their farms. We have used a case study research method (Yin, 1984) , which provides contextdependent knowledge (Campbell, 1975; Flyvbjerg, 2006) that generates detailed insights about what is happening in the situations studied (Stake, 2000) . We have adopted an ethnographic approach (Spradley, 1979) , carrying out direct observations, analyzing written documents (articles in newspapers, farming magazines, and on websites) and held interviews that consisted of "active and methodical listening" (Bourdieu, 1996) . In order to gain "extensive" knowledge of the subject (Bourdieu, 1996) , we spent some time living in the case study areas (see figure 1 ) and joining in with the farmers' daily activities. Sometimes we stayed for a day, other times for weeks or even months. We drove the tractor, helped with seeding, harvested the hay, milked cows, made cheese, went to farmers' markets, drove the van for home deliveries, got to know the farmers' consumers, and became consumers ourselves. This fieldwork experience (Fetterman, 1989) taught us much about the daily life of the practitioners. Through the application and combination of different sources of information and different research methods (Mathison, 1988; Verschuren & Doodewaard, 1999) we increased the internal validity of the field research. Journal of Agriculture, Food Systems, and Community Development ISSN: 2152-0801 online www. AgDevJournal.com As part of the research process, we planned questions and developed interview protocols to ensure that the interviews covered all topics of interest and drew on an ethnographic tradition to understand the farmers' life histories. Alongside formal interviews, we had frequent informal discussions with our subjects about topics of mutual interest. In the interviews, some lasting two hours, others much shorter, but always in situ (Svendsen, 2006) , we co-constructed with the interviewee the meaning of their practices (Heyl, 2001) and benefitted from the rich details they provided.
Results
In this section we describe how the two farmers converted their conventional dairy farms into organic production systems and established new producer-consumer relationships. In the first two sections we discuss the specific novelties on the two farms. In the third section we discuss the interrelations of the novelties as part of a newly evolving (unfolding) system configuration at each farm.
Organic farming in a polder in the Netherlands
In 1987, Gerrit and Bertiene Marsman took over "de Eerste" (literally "the first"), originally an experimental state farm that was the first to be established on the virgin sandy soils after the Noordoostpolder (Northeast Polder 2 ) was created in 1942. The farm was atypical of the rest of the polder in that it was on sandy (as opposed to clay) soils and had been intensively fertilized to make it productive. The couple began by converting this farm into an organic dairy farm. The first year they started cheese production, partly as a way of increasing their income, but more because there was a very limited market for fresh organic milk at that time, so cheese-making allowed for more flexible sales. During an interview about the conversion to organic farming, Gerrit explained his personal motivation:
I use the farm to shape a type of ambition. I live with a certain idea. You have to work out things together. You are responsible for each other and for other parts in the world. This farm and these soils, partly determines what happens in other parts of the world. -
G. Marsman
Gerrit sees organic farming as reducing the environmental impact of farming and providing better conditions for the animals and people who work on the farm as well as in other parts of the world, since organic farming has reduced impact on farmers and the natural resource base overseas (in the Global South). Besides providing environmentally sound and healthy food, Gerrit and Bertiene supply organic food products to households with a wide range of incomes. Over time a series of novelties (outlined below) has evolved that have gradually become more strongly interrelated. This strategy (i.e., a mixed farm) has enabled them to develop their dairy farm much less intensively than most of their colleagues. Typically a dairy farm would have 150 milking cows; Gerrit and Bertiene can generate equivalent revenue from just 60.
On-farm milk processing
Converting milk into cheese, yogurt, butter, and buttermilk is labor-intensive, but adds value to milk production. The farm annually produces 33 tons of cheese, one-third of which is sold through short supply chains. On-farm milk processing keeps transport costs low and results in fairer prices for both producer and consumers.
New breeding objectives
A smaller breed of cow produces fewer units of milk, but per unit it is richer in protein and fat. This means that similar quantities of cheese can be produced with less input of feed. Although the breed is not optimized for beef production, the less productive cows are slaughtered and their meat sold as mince in a short supply chain. 
Short supply channels
The dairy products, meat, eggs, and vegetables produced at the farm are sold through several venues: in the farm shop, at farmers' markets, and via a home-delivery system. Selling a range of organic and fair-trade products generates extra cash flow that makes the shop profitable.
Small-scale activities
Raising pigs and poultry often involves high veterinary, feeding, and labor costs. For Gerrit, however, keeping pigs and poultry helps maintain the balance of the farm. Whey, a residue of the cheese-making process, is used to feed five pigs, and the manure of the 500 chickens is used to fertilize the vegetable fields. The labor input for these activities is supplied by the farmers, and the meat and eggs are sold in the farm shop. Overall these activities contribute to the economic and ecological performance of the farm.
Manure management
A deep litter house provides shelter for the dairy cows. Fresh straw is put in the house daily in order to keep their udders clean, an important consideration since "dirty" milk results in bad cheese quality. The resultant manure is low in emissions and there are few losses to the groundwater system. Some slurry is also produced, which is used as liquid manure for the horticultural crops (see novelty 6, below). This also reduces susceptibility to disease.
Growing cash crops
Soon after taking over the farm, the idea of growing vegetables emerged. This required investments in tractors, a forklift truck, and storage capacity, but these have benefited the farm as a whole. For example, the forklift that is used to transport boxes of vegetables is also used to sweep the fodder in the feed alley. Plant residues are recycled to improve the fertility and structure of the soil. The turnover of the farm has increased, although running it requires more labor input and this requires some organization. This system can best be described as grassland rotation: giving over one-quarter of his grassland to crop production each year. This enables the land to be used more intensively for crop reduction, while minimizing the risk of erosion that is inherent to arable production on these sandy soils.
Cooperation between neighboring farmers
Diversifying and expanding activities requires extra labor and machinery. Growing potatoes or making straw or silage requires special machinery and involves peak labor periods. A group of neighboring farmers work together, pooling their machinery and labor to carry out these jobs more efficiently. Once the jobs at one farm have been done, the group moves on to the next.
Mobilizing labor
Growing vegetables expanded the labor demands on the farm, and it was decided to acquire a horticultural manager who would act as a partner and have a stake in the farm. This creates a new way of using human resources. This approach is extended wherever possible to other employees, creating relationships that more akin to partnerships than employer-employee relations. The farm land, buildings and machinery are owned by the farmers, and the partner contributes his labor time. A structure has been created to motivate both parties. Both are dependent on the economic results of the activity, and they also share the risks and benefits. The farmers provide the land, manure, machinery, and 500 hours of Gerrit's labor per year; their partner, the manager, invests 2,500 hours in planting, harvesting, and selling the products. All these costs are later recalculated in labor hours. A successful harvest will give a bonus of about 15% in the salary of the partner. This provides a motivation for him to produce as efficiently and accurately as possible, and also gives incentives to use the machinery and land provided by the farmers efficiently. The partner has gradually invested in capital-intensive production factors, thereby acquiring more "hours" (all input factors are calculated in terms of hours), which in turn increases his share of the income when the harvest is sold. The production factors can also be lent or hired to others, again generating revenue for the partner. When there is a high demand for labor (say for sowing or harvesting), the partner can make use of labor available in other parts of the farm. When labor (his or that of his workers) is not in demand, it can be provided for other activities on the farm.
Shared use of mechanization
Machinery is in use in several parts of the farm. For example, there is a powerful tractor used to plough, mow, and harvest straw. There are also several old tractors that are used for smaller jobs, such as seeding, weeding, and bringing the straw from the field to the cattle sheds.
I look critically at how the machinery will be used. I calculate by the hour and the hectare to see what is worth investing in. By cooperating, you can reduce the costs of mechanization. With 600-700 hours of tractor work per year, it makes sense to buy a second-hand tractor. With 1,000 hours per year, a new one becomes profitable. In horticulture, the tractors work 300-400 hours, and new tractors are certainly not profitable. But a hard job like weeding needs a mechanical solution, which can be provided by a smaller, second-hand tractor.
-G. Marsman
For time-consuming and heavy activities, a powerful tractor pays for itself. While spending similar amounts on diesel, the job is done more quickly. Lacking the money to buy a heavy-duty tractor, Gerrit hired one from a neighbor for a while. Once enough money was available (and his colleague became busier), buying the new, powerful tractor was attractive.
Fodder production in nature reserves
The farmers also rent a three-hectare [seven-acre] nature reserve that is used for hay production. This is used to feed the yearlings, which are kept to increase the herd. While it takes as much time as making silage on the farm, this allows them to grow cash crops and to pasture dairy cattle on the farm itself. In dry weather it is cheaper to make hay than silage. An even cheaper option would be to allow the yearlings to graze on the nature reserve, but this is not allowed under the terms of the lease.
Optimizing landscape and natural values
Farmland on polders is normally very intensively managed, but Gerrit manages to find space on the farm to include features that enhance the ecological robustness of the farm. There is a subsidized pond, which attracts birds and helps drain the land during wet periods, leaving it drier and more easily worked. Bushes and trees have been planted along the farm tracks. These provide habitats for small animals, provide shelter against rain and heat for the cows, and help prevent the sandy soils from being blown away.
Increasing organic matter content
Improving the organic content in the soil is a priority. As an experiment, over the last five years 10,000 tons of compost (equivalent to 300 fully loaded trucks) bought in off the farm have been spread over 50 hectares (124 acres) of land. Whereas nutrient flows (e.g., dairy products and vegetables) are usually only directed to the market, on this farm they are also circular. The compost is applied either after the grassland has been plowed (80 metric tons per hectare, or 36 U.S. tons per acre) or before the vegetables are harvested (40 metric tons per hectare, or 18 U.S. tons per acre). This experiment was based on having access to a free resource (the compost), but the cost of transporting and spreading the compost was very real and has been calculated at €30,000 (approximately USD39,000) over the five-year period. The results, in terms of improved organic content, are still to be checked, but it is expected that it will have increased substantially.
Organic Farming in a Mountainous Area in Galicia, Spain
Galicia has experienced decades of massive emigration from its poor rural areas, resulting in high concentrations of older residents in these areas. The land and farm structure as a consequence of the emigration also provide few possibilities for earning a living; small-scale and widely dispersed field parcels complicate the viability of pasturing cattle. In 1984 José Luis Páz established a small dairy farm in Riós, a village in the mountainous area close to the border between Portugal and Spain. Although his family was from the village, he started as a young "newcomer" from the city. Following advice from the extension service, he started small, with six milking cows. He planned to improve the farm, and by tapping into subsidies he invested in buildings, machinery, and in purchasing additional milk quotas to expand the farm over the years. However, José Luis began to have doubts about this intensive way of farming. Starting in the early 1990s, he started to be concerned about the health problems of his herd. The cows regularly became infected by disease, shortening their life span and requiring a high input of antibiotics and anti-inflammatories. In 1998, he was invited to visit organic farms elsewhere in Europe at a time when he was thinking about changing things at his farm. This gave him the opportunity to learn about alternatives, and after he returned from the trip he converted his dairy farm into an organic beef cattle farm. He sold his milk quota, began breeding a local cattle breed, and started a cooperative. In the talks we had with José Luis, he explained to us that he lacked a background in farming:
I came here with a theoretical ambition. I had an idyllic idea about the countryside that was rooted in my youth. My parents migrated to the city when I was seven years old. But I still remembered how I went to the fields with my father, and we took care of the cows and the land. It seemed like a good life and the idea of that beauty remained inside me. -J. L. Páz José Luis learned that his idea of the rural life differed from that of the people who had remained in the village. He searched and experimented with solutions to his farm's problems, a great many of which failed, yet he has accomplished his wish to live a good life and to be working in, and taking care of, the land. While not always successful, his experiments have resulted in the production of a series of novelties as described below, which gradually became more strongly interrelated.
Creating a cooperative
The cooperative supplies a range of inputs (organic fodder, solar panels, fencing materials), advice on organic production methods (particularly on preventive, curative, and antiparasitical medication), and administrative support to meet the requirements of agro-environmental and organic production schemes. It also provides transport to the slaughterhouse and sells the organic beef.
Short supply channels
Meat is sold directly to clients as vacuum-packed fresh meat. Customers include individuals, organic shops, supermarkets, and consumer associations. There is also a growing customer base among professional butchers and restaurant owners who appreciate the natural identity and taste of the meat. Customers can also buy half a cow, paying a price that is based on the slaughter weight of the animal.
Improving animal health
Alternative ingredients, such as bicarbonate of soda and yucca extract, are used to protect the cattle's digestive system, instead of conventional medicines. This results in healthier cows with a longer life span, lower veterinary costs, and "safer" meat. Such an approach requires farmers to have an open attitude to experimenting with new, often not yet scientifically "proven profitable" fodder strategies.
Changing from dairy to beef production
The change from dairy to beef production involved less labor input and resulted in lower costs for external inputs. This was helped by using breeds that are well adapted to local conditions. The reduced cash flow is compensated for by selling the meat in short supply chains.
Breeding autochthonous beef cattle
José Luis wanted to introduce Vianesa blood into the herd. This is an autochthonous breed which is perfectly adapted to the mix of productive valley grasslands and less productive mountain pastures. He initially acquired and bred a 20-year-old Vianesa cow that he located in a remote rural village. After it died, crossbreeding was continued by buying a bull, purchasing sperm, and bringing in cattle from elsewhere. In addition to introducing Vianesa bloodlines, José Luis has also introduced the Cachena breed to his herd. This is a small indigenous breed that is well adapted to the poorest pastures, especially to monte bajo (mountain scrubland). As smaller breeds of cattle, these animals have a lower slaughter weight than conventional breeds like the Galician rubia and Limousin. Subsidies have helped get more farmers involved in crossbreeding these endangered autochthonous breeds: a subsidy of €200 (approximately USD260) per calf compensates for the 40-50 kilograms (88-110 pounds) difference in weight.
Accessing land
Rather than entering the formal land market, José Luis has achieved access to land through informal arrangements with family members. Some 100 hectares (247 acres) of land, all small and scattered plots, is "leased" annually in this way, generally in return for meat products.
Pasturing the cows
Cattle grazing outside find heather and other medicinal plants.
My cows not only eat grass, they also eat the lower branches of the trees and the bushes and scrub. Some of these bushes help keep them clean from parasites. -J. L. Páz
Only in summer, in the driest period when the grass production stagnates, and in winter, during the coldest days, do the cattle remain stabled at the farm, where they are fed with silage and hay. The silage and hay provide sufficient energy for the beef cattle. Only when fattening the calves in the last two months before slaughter are any concentrated inputs required.
Differentiating meat quality
Consumers recognize and appreciate the flavor, color, and texture of autochthonous breeds. Apart from Vianesa, which makes up 90% of the herd, the Cachena breed is highly appreciated by professional butchers and restaurant owners, who pay a premium price for this meat.
Improving organic matter content
The fertility of the soil is improved by leaving the grassland unturned. The plow has been sold and the land is only turned with a rotavator if needed. This saves costs and results in a richer top layer of soil life. The grass mix is richer and more diverse.
Composting manure
Soil fertility is further improved by adding a catalyst to the manure. The catalyst, developed in Germany, stimulates worms to grow faster so they more rapidly transform the manure into humus. Although making compost requires more labor, this pays dividends in terms of improving the soil fertility and stimulating grassland production. Table 1 provides a summary of these novelties, showing the order in which the novelties were developed by the farmers. Over time, the novelties came to mutually support each other and unfold into improved and more efficient input-output conversion rates (van der Ploeg, 2008) . Figure 2 illustrates how this works. The conversion to organic farming and the diversification of farm activities resulted in a shift of farm boundaries, leading to a range of adjustments and new activities being established at both farms.
New On-Farm Activities and a Shift in Farm Boundaries
In the left side of figure 2, we see how at the Dutch farm the milk produced is processed into cheese (novelty 1). This affects the breeding strategy at the farm, leading the farmer to search Journal of Agriculture, Food Systems, and Community Development ISSN: 2152-0801 online www.AgDevJournal.com for a cow producing more protein and fat per unit of milk (novelty 2). The cheese is sold through short supply channels (novelty 3): a small farm shop, a home delivery service, and several farmers' markets. Apart from dairy products, more than 600 dry products are sold, together with meat and eggs produced on the farm (novelty 4). These new activities support other ones: the manure from the chickens is used in horticultural activities, and the whey from the cheese production and vegetable leftovers from the shop are fed to the pigs (novelty 5). Horticulture and arable crops (novelty 6) generate a demand for labor and a higher turnover per hectare, but could potentially reduce soil fertility. To compensate for this, soil fertility is sustained by the input of manure produced on the farm (novelty 5) and the application of compost from municipal recycling programs (novelty 12). The conversion to organic farming resulted in a range of new activities, which required a reorganization of farm management. Local farmers exchange their labor and machinery (novelty 7) and partners are drawn in to work in different partnerships created at the farm (novelty 8). The machinery and labor available in the partnerships is shared (novelty 9), increasing efficiency in the use of both in all areas of the farm. Furthermore, land use is optimized by creating new elements in the landscape (novelty 11): the construction of a pond has improved water management; trees act as windbreaks and reduce soil erosion. The grassland lost to horticulture, arable farming, and landscape elements are at least partly compensated for by grassland production in a nearby natural reserve (novelty 10).
Figure 2 also shows the effects of conversion to beef cattle production at the Galician farm (in the right side of the figure), which involved selling organic meat through a cooperative. These two changes led to a range of other adjustments being made at the farm. A cooperative (novelty 1) supplies a wide range of services to the farmer and his neighbors. Initially, it was difficult to convince other farmers to become involved, but nowadays about 70 farmers are members, which strengthens the cooperative's position, especially in negotiations and mediation. The cooperative provides transport facilities (a truck), organic fodder, management (organic certification requirements), technical support, and the information needed to participate in subsidized programs. The organic beef products are sold through various distribution channels all over Spain (novelty 2), and animal health is improved by a reduction in their consumption of concentrates and the routine use of preventive medicines (novelty 3). At the farm, dairy production has been converted into beef cattle production (novelty 4). Autochthonous breeds (novelty 5) such as the Vianesa, Cachena and Caldelás are used. These are better suited to the poor grazing conditions in the area. The Caldelás is particularly well fitted to monte bajo, and their grazing restores this land to productive pasture. These varieties also help control invasive bushes and scrub, which is ignored by more productive cattle, which also improves the quality of the pasture over time. Autochthonous breeds recover the traditional functions of the monte bajo, which includes providing animal feed, cereals, fruits, and organic manure (see also Soto, 2006; Domínguez García, 2007) . Abandoned or neglected land is accessed through family relationships (novelty 6).
Bringing the land back into use diminishes the risk of forest fires in the mountainous areas and revitalizes a resource that was once a crucial element in sustaining small-scale agriculture. However, this land arrangement may not be a longterm solution, as the lack of a legal contractual status could endanger the continuity of the farm. This might require new solutions in the future. By grazing in natural fields with mixed vegetation, the cows benefit from ingesting medicinal plants (novelty 7), improving the quality and flavor of the meat (novelty 8) and reducing their susceptibility to disease and the need for antibiotics. No longer renewing the grassland improves the organic matter content of the soil and increases the varieties in the grassland (novelty 9). Initially, the level of grassland production fell as the soil regenerated, but it has since recovered and can now provide sufficient grass and fodder to feed all the beef cattle at the farm while also improving the taste and quality of the meat. Besides saving costs and benefitting the natural environment, the method saves labor time -time that the farmer invests in marketing the beef products and adding extra value per unit of product. The recent reduction in subsidies for maintaining indigenous breeds and cross-breeding is being at least partially compensated for by selling the meat to specialized butchers and restaurant owners. These cows improve the monte bajo, bringing it back into productive use and thereby creating another asset for the farmers, and reducing the risk of fires. The monte bajo can be plowed and fertilized with 'Xesta' (Citysus scoparius), a native leguminous plant variety that grows well in there. Xesta also contributes to improving the quality of the manure (novelty 10).
Analysis and Discussion
On both farms, the novelties have been developed across a "broad spectrum of the domains of farming" (Leeuwis, 2004, p. 64) : the technical domain (soil fertility, crop protection, animal health, production and yield, storage facilities, spatial organization of the farm, regeneration of production potential, etc.); the economic domain (income, profitability, marketability, taxes, investments, cash flow, credit, fixed costs, variable costs, etc.); and the domain of social-organizational relationships (relationships with input-providing organizations, organizations on the output side, state organizations, certification institutes, members of the household, other farmers, community members, farm laborers, etc.). These changes began with more technical tasks in the technical domain. This was followed by adapting tasks in the economic domain and the domain of social-organizational relationships. These in turn resulted in further adaptations in all different domains, generating an unfolding of farm practices.
For example, in the technical domain, the improvement of soil fertility is crucial. In the Dutch case, soil fertility has been improved by the application of compost (novelty 12) and the use of grasslands in a nearby nature reserve (novelty 10). These novelties have led to an increase in the input of organic matter into the farm system. In the Spanish case, soil fertility has been optimized by changing from dairy production to beef production (novelty 4) and through the use of autochthonous breeds (novelty 5). These novelties decrease the pressure on soil fertility. The use of the monte bajo, an asset that is currently less than fully employed, would further increase the soil fertility of the productive grasslands. In both cases, the animals have been selected in response to changes in the farmers' production objectives. At the Dutch farm, where milk is processed into cheese (novelty 1), smaller breeds more efficiently turn feed and fodder into proteins and fat (novelty 2), which allows the production of a similar amount of cheese using less milk and less feed and fodder intake. At the Spanish farm, a similar shift in production has occurred: smaller animals are used (novelty 5) that supply meat that is rich in taste (novelty 8) and finds its way to consumers through short supply chains (novelty 2). The Dutch case also uses short supply chains to sell the food produced on the farm (novelty 3). Although the contexts of the farms differ, as does the physical distance to markets, both farms are selling quality products with a local character and identity via short supply chains. Attracting, informing, and engaging consumers in short supply chains allows for a further diversification of production activities. The Dutch farm produces pigs, eggs (novelty 4), and cash crops (novelty 6). The Spanish farm combines the use of autochthonous breeds (novelty 5), methods of accessing land (novelty 6), improving the natural resource base (novelty 7), and improved meat quality (novelty 8).
Producer-consumer relations play a key role in sustaining the improvements these farmers have made to their socio-ecological systems (van der Ploeg, 2010) . The extra value added through short supply chain channels "pays the farmer back" for a more labor-intensive method of food production, for the knowledge that needs to be accumulated, and the use, reproduction, and possible improvement of the natural resource base. These case studies show how the farmers convert "ecological" capital into economic capital. This is a mutually reinforcing process: the short food supply chains sustain the socio-ecological performance of the farms and vice versa. The coordination of the tasks and the opportunities within the domain of socialorganizational relationships allow both farmers to expand their farm activities. The diversification of activities at the Dutch farm and the access to more land at the Spanish farm both result from the farmers' capacity to mobilize and optimize locally available resources. In the Spanish case, access to land (novelty 6) is a privilege not granted to everyone, which is paid back in kind. In the Dutch case, similar mechanisms of reciprocity can be recognized: in return for access to the land, the partner returns a "share" of the production to the owner. Hence, the partner has opportunities to expand his activities (novelty 8), which provides new resources (novelty 9) to all those involved.
These dynamics show how differentiating production activities and organizing short supply channels influence patterns of production and reproduction, and create new relationships in the social-organizational domain. In both cases, external inputs are being replaced by internally produced or reproduced resources: soil fertility, local or adapted breeds, food products, labor, and locally specific knowledge about the production process. Both farmers "farm economically" (Dominguez Garcia, 2007; van der Ploeg, 2000) , and this improves the overall performance of the socio-ecological systems.
In contrast to conventional food production, the farm activities are developed in a way that increases the autonomy of the farmer. In this sense, these farming practices represent "robust" models of food production (Wiskerke, 2007) . The case study research shows how practitioners can create their own responses to the degradation of natural resources and the agrarian crises, particularly the frequent outbreaks of livestock diseases associated with intensive farming, which appear to be a result of the increasing disconnection between farming, nature, and society (van der Ploeg, 2006).
As we have argued above, these system configurations provide a "prospective structure" (Hoogma et al., 2002; van Lente, 1993) for alternative pathways along which farming, nature, and society can be reconnected. These systemic configurations unfold in different contexts, but they share the common characteristic that the adaptations are guided by a re-orientation toward the local ecological and socio-economic resource base.
The unfolding of farming within a local context can be further strengthened when scientists explore, test, and verify the interrelations between novelties, while politicians and policy-makers pursue an objectives-led policy -instead of implementing prescriptive measures -that allows for and stimulates the exchange of novelties between producers and promotes scientific research on promising novelties. While it may be difficult to find more than a few farmers who manage to combine a successful social-ecological and economic performance, as exemplars of good practice they should be more involved in strategies to promote and disseminate the much-needed transition to sustainability. They provide a living example of how it can be achieved.
The niche innovations that are developed and carried out by small networks of dedicated niche actors can only be more widely diffused if they are linked up with processes in the "outside" world (Geels & Schot, 2007; Klerkx, Aarts, & Leeuwis, 2010; Schot & Geels, 2008) . This uptake implies a shift in the dominant socio-technical regime, i.e., the grammar or rule set in the complex whole through which activities of actors (both insiders and outsiders) are structured (Rip & Kemp, 1998) , with the regime here being the mainstream agroindustrial expert system. Such shifts generally occur when the current regime realizes that the existing technological opportunities are exhausted, when governmental policies dramatically change, and/or when new sets of social values emerge (Kemp, Schot, & Hoogma, 1998) . Regime shifts are complex transitions that entail a gradual but continuous process of adaption alongside structural changes in the character of society (Rotmans, Kemp, van Asselt, Geels, Verbong, & Molendijk, 2000) . Each adaptation and/or link within the new system configuration -the farms in these case studies -involves negotiations, renegotiations, and, usually, the construction of new institutional relations at the regime level (van der Ploeg, van Broekhuizen, Brunori, Sonnino, Knickel, Tisenkopfs, & Oostindie, 2009) . It is important that the actors involved in ensuring the stability of the current regime (Geels & Schot, 2007) are aware of the potential of alternative system configurations.
Hence, citizens, farmers, researchers, and politicians should be informed and incorporated in the "real stories" of innovating famers who develop "radical" novelties in niches (Schot & Geels, 2008) . We are convinced that the descriptive presentation of the process of novelty production in the case studies, as well as the analysis of the adaptation process itself, have roles to play in helping to build understanding of how we can start building a more sustainable agri-food system.
Conclusions
Our comparative ethnographic case-study research shows how practitioners establish new system configurations that reconnect farming with nature and society. The move toward a sustainable agrifood system requires novelty production: a farmerdriven adaptation process that is specific in place and time, results in improved social and environmental relations, and allows for economic progress. At the farms in the case studies a series of adjustments was identified, which we have conceptualized as novelties. It is through novelty production that the activities at the farms and, hence, the characteristics (or configuration) of farming change. In the Dutch case, the farmer has converted a conventional dairy farm into a multifunctional organic farm with on-farm cheese processing and vegetable production. In the Spanish case, the farmer converted a conventional dairy farm into an organic beef cattle farm by using and reproducing autochthonous breeds. At both farms, the process of unfolding farm practices resulted in a shift of farm boundaries: both configurations are sustained by the construction of short food supply chains.
Such reconfigurations are in stark contrast to the model advocated by the modern agriculture industry. Many of the structures of this regime in terms of food processing, distribution, and retail as well as its regulatory aspects stifle regionally specific, small-scale, diversified configurations. Since established socio-technological regimes are generally resistant to change (Geels & Schot, 2007) , the further unfolding of these new configurations is likely to be constrained by either strategic obstruction or inadequate support from the dominant socio-technical regime. Although the establishment of successful transitions cannot be guaranteed by "ideal type" pathways (Geels & Schot, 2007) , we think it is important to draw attention to the creativity and success of these farmers who are building a future in what are often seen as the margins of society.
